We assessed the co-expression status of the top 500 most expressed genes (i.e., the genes with highest 1 4 2 base mean values) in each of the three breed groups. As seen in the Venn diagram ( Fig. 1) , 386 of the 1 4 3 top expressed genes were present in all three breeds. Holstein samples had the highest number (n = 1 4 4 65) of unique genes, followed by Yakutian cattle (n = 56) and Northern Finncattle (n = 17). Moreover, 1 4 5 the results showed that Northern Finncattle are more closely related to Yakutian cattle (53 uniquely 1 4 6 shared genes) than to Holstein cattle (44 uniquely shared genes). In contrast, Yakutian cattle and 1 4 7
Holstein cattle shared the least number of unique genes. 1 4 8
We then looked more closely into the genes that were differentially expressed between any two of the 1 4 9 three breed groups and assessed what types of biological processes and/or biological pathways those 1 5 0 genes were associated with. A total of 189 transcripts were significantly differentially expressed between Yakutian cattle and 1 5 3
Northern Finncattle (Table S2) , of which 108 transcripts were upregulated in Yakutian cattle. and FK506 binding protein 5 (FKBP5). Moreover, a number of genes with unknown functions were 1 6 0 upregulated in Yakutian cattle (e.g., ENSBTAG00000047816, ENSBTAG00000038141, 1 6 1 ENSBTAG00000010300, and ENSBTAG00000046323) and in Northern Finncattle (e.g., 1 6 2 ENSBTAG00000046981, ENSBTAG00000048145, ENSBTAG00000003754, and 1 6 3 ENSBTAG00000002450). Having a better annotation would certainly help in characterizing the 1 6 4 functions of these genes. The GO terms associated with the upregulated genes in Yakutian cattle 1 6 5 included "positive regulation of natural killer cell chemotaxis", "regulation of phagocytosis, negative 1 6 6 regulation of viral process", "negative regulation of cytokine production" and "granzyme-mediated 1 6 7 apoptotic signalling pathway" (Fig. 2a , Table S3 ). The KEGG pathways associated with upregulated 1 6 8 genes included "antigen processing and presentation", "natural killer cell mediated cytotoxicity" and 1 6 9 "graft-versus-host disease" (Table S4) . Similarly, the GO terms associated with upregulated genes in 1 7 0
Northern Finncattle included "regulation of lipid transport", "erythrocyte differentiation", "regulation 1 7 1 of cytokine-mediated signalling pathway" and "regulation of protein maturation" (Fig. 2b , Table S5 ). 1 7 2 "Malaria" (associated genes HBA, HBB and THBS1) was the only KEGG pathway related to genes 1 7 3 upregulated in Northern Finncattle. The highest number of significantly differentially expressed genes was identified between Yakutian 1 7 6 cattle and Holstein cattle (Table S6 ). Given the phenotypic difference between the breeds, it was not 1 7 7
surprising to observe a large number of differentially expressed genes. Yakutian cattle have 1 7 8 phenotypic characteristics, such as a small and compact body size and a thick hair coat, which helps 1 7 9 them survive in a cold environment. In contrast, Holstein cattle have a bigger body size and a thin hair expressed genes, we only considered those genes with a log2-fold change greater than or less than 1.5 1 8 7
for GO and KEGG pathway analyses. Genes that were upregulated in Yakutian cattle were associated 1 8 8
with GO terms such as "chemokine-mediated signalling pathway", "regulation of natural killer cell-1 8 9 0
and Ley, 2002). It has been suggested that the evolution of granzymes is related to species-specific 2 3 1 immune challenges (humans have 5 granzyme genes and mice have 10), which they maintain by gene 2 3 2 duplications and alterations in substrate specificity (Kaiserman et al., 2006) . Three out of the six 2 3 3 granzymes known in cattle, (Yang et al., 2018) with two nearby paralogs of granzyme B (Fig. S2) The number of upregulated genes was sufficient to identify significant GO terms. The GO terms 2 3 7 associated with the upregulated genes included "negative regulation of cytokine production", 2 3 8 "regulation of lymphocyte-mediated immunity", "positive regulation of leukocyte chemotaxis" and 2 3 9
"cellular response to interferon-gamma" (Fig. 5A, Table S14 ). Similarly, pathways such as "natural 2 4 0 killer cell-mediated cytotoxicity", "inflammatory bowel disease (IBD)", "African trypanosomiasis" 2 4 1 and "cytosolic DNA-sensing pathway" were related to uniquely upregulated genes in Yakutian cattle 2 4 2 (Fig. 5b, Table S15 ). Only one GO term, "regulation of lipid transport" (associated genes ABCA1, 2 4 3 ABCG1, IRS2 and THSB1), and no KEGG pathways were found for the downregulated genes.
4 4
The majority (162/200) of the uniquely differentially expressed genes in Holstein cattle were found to 2 4 5 be upregulated. The list also includes a number of cases where more than one member of the gene 2 4 6 family was present. Genes encoding the solute carrier protein family (SLC16A12, SLC16A6, 2 4 7 SLC25A37, SLC28A3, SLC2A9, SLC45A4, SLC6A6, SLC23A1), ring finger proteins (RNF149, 2 4 8 RNF24), notch proteins (NOTCH1, NOTCH2, NOTCH3), lysine demethylases (KDM4B, KDM6B), 2 4 9 interferon receptors (IFNAR1, IFNAR2, IFNGR1 ), CD proteins (CD101, CD164, CD300a, CD55), 2 5 0 and others were upregulated in Holstein cattle samples. The GO terms associated with the upregulated 2 5 1 genes included "cellular response to lipopolysaccharide", "response to molecule of bacterial origin", 2 5 2 "negative regulation of leukocyte differentiation", "regulation of transcription from RNA polymerase 2 5 3 II promoter in response to stress and phosphatidylinositol binding" (Fig. 5C , Table S16 ). Similarly, 2 5 4 KEGG pathways such as "osteoclast differentiation", "Th1 and Th2 cell differentiation" and 2 5 5 "complement and coagulation cascades" were related to the upregulated genes (Fig. 5d , Table S17 ).
5 6
We did not find any GO terms or KEGG pathways associated with the downregulated genes.
5 7
Among other functions, membrane-bound solute carriers (SLCs) are key to maintaining physiological 2 5 8 processes, including nutrient uptake, waste removal and ion transport (Hediger et al., 2004) . The 2 5 9 upregulated expression of eight SLC proteins in Holstein cattle samples suggest the highly important 2 6 0 function of these genes. A recent study showed that, during sloughing, amphibians increase the rate of 2 6 1 ion uptake to maintain internal homeostasis (Wu et al., 2017) . We speculate that, with a comparatively 2 6 2 bigger body size and a thin hair coat, Holstein cattle may have developed a similar system for 2 6 3 maintaining internal homeostasis in response to lower temperatures. The upregulation of three notch Code S1: R script that was used to identify and annotate differentially expressed genes in this study 5 2 8
